We propose a double layered (intradural and epidural patch) duraplasty that utilizes Lyoplant and Duraseal. We examined a 47-year-old woman after decompression for thoracic ossification of posterior longitudinal ligament was performed in another hospital. On postoperative day 7, she complained of weakness in both legs. Postoperative magnetic resonance imaging (MRI) showed cerebrospinal fluid (CSF) collection with cord compression. In the operative field, we found 2 large dural defects on the ventral dura mater. We performed a conventional fat graft with fibrin glue. However, the patient exhibited neurologic deterioration, and a postoperative MRI again showed CSF collection. We performed dorsal midline durotomy and inserted a intradural and epidural Lyoplant patch. She immediately experienced diminishing back pain postoperatively. Her visual analog scale and motor power improved markedly. Postoperative MRIs performed at 2 and 16 months showed no spinal cord compression or CSF leakage to the epidural space. We describe a new technique for double layered duraplasty. Although we do not recommend this technique for all dural repairs, double-layered duraplasty may be useful for repairing large inaccessible dural tears in cases of persistent CSF leakage refractory to conventional management.
INTRODUCTION
Many spine surgeons occasionally encounter a patient with an undesirable dural tear accompanied by cerebrospinal fluid (CSF) leakage, especially when performing surgery for ossification of the posterior longitudinal ligament (OPLL) and/or revision surgery. CSF leakage can induce back pain, nerve injury, intracranial hypotension syndrome, delayed wound healing, and/or wound infection 1, 3, 8, 12, 17) . Therefore, the management of a dural tear and CSF leakage is very important in determining the outcome of patients.
The best method to manage dural tears and CSF leakage is primary dural sutures 3, 4, 6, 7, 11) . However, primary dural sutures can be impossible if the location of the dural tear is inaccessible or the size of the defect is large. In such cases, other operative techniques, such as artificial dural grafts, autologous fat grafts, and fascia grafts supplemented with fibrin glue, have been recommended [2] [3] [4] [5] 9, 18, 19) . However, if these methods fail or are not amenable, other management options are required. This report is a technical proposal describing our experience with a previously unreported application of intradural and epidural patch technique by using lyophilized dura mater (Lyoplant, B. Braun Melsungen AG, Melsungen, Germany) and polyethyleneglycol hydrogel sealant (Duraseal, Integra LifeSciences Corporation, Plainsboro, NJ, USA).
CASE REPORT
A 47-year-old woman was transferred to Kyungpook National University Hospital after decompressive surgery at another hospital. A preoperative spinal computerized tomography scan and magnetic resonance imaging (MRI) showed multilevel continuous-type OPLL that extended from the inferior body of T4 to the inferior body of T7 (Fig. 1) . She had experienced progressive paraparesis for 8 months. Her visual analog scale score for the dysesthesia of both legs was 8 out of 10 at presentation. A decompressive lamino-facetectomy on T5-T6 and T6-T7 and bilateral OPLL removal with pedicle screw fixation on T4, T5, T8, and T9 were performed at another hospital. On postoperative day 7, she complained of weakness in both legs (motor power, 1/5) and severe leg pain. Postoperative MRI showed CSF collection with cord compression, and she was transferred to our hospital. We decided to perform revision surgery. In the operative field, we found 2 large dural defects on the ventral portion of the dura mater. We could not perform a primary suture, and, thus, we performed a fat graft on the epidural space of the dural defect and sprayed Duraseal around the fat graft. Additionally, we inserted a hemovac in the epiduralspace and performed subarchnoid lumbar drainage on L3-4. The paraparesis improved to grades 2 (right) and 4 (left) immediately following the operation.
On the fifth day after the revision surgery, we cramped the hemovac valve and the lumbar drainage valve at the same time. Twelve hours after the cramping, she exhibited worsening paraparesis. We performed a spinal MRI, and the CSF collection with spinal cord compression reappeared (Fig. 2) . We released the valve of the hemovac and the lumbar drainage, and the paraparesis then improved. Thus, we had to devise for a new method to prevent the CSF leakage arising from the large and inaccessible ventral dural defect.
We performed a midline skin incision along the pre-existing wound and carefully dissected the scar tissue around the dural mater. After an additional laminectomy of T8, normal dura was observed. A dorsal midline dural incision was performed from the T4 upper vertebral body to the T8 lower vertebral body, and dentate ligaments were removed bilaterally from T5 to T7. The ventral aspect of the dura mater could be seen after cutting the T6 and T7 nerve roots. There were 2 ventral dural defects, which were 25 mm×10 mm at T5-6 and 20 mm× 10 mm at T6-7 (Fig. 3A) . We cut enough Lyoplant to cover the entire dural defects, and a dorsal midline durotomy was then performed in order to insert the subdural Lyoplant patch. The patch was inserted into the subdural space (Fig. 3B) . After the patch was fixed with anchoring sutures at its margin and closed in a routine manner with 8-0 nylon. A Lyoplant patch of the same size was inserted between the outer dura mater and vertebral body (Fig. 3C) , and the outside of the dural tears were fully covered. Duraseal was sprayed following the fat graft around the margin of the dural tears, and a subarachnoid lumbar drain was then inserted after wound closure layer by layer.
The total operation time was 300 minutes, and the patient tolerated the procedure well. The patient was kept on bed rest for 1 week after the operation, at which time the lumbar drain was removed and she restarted her rehabilitation program.
She experienced diminishing back pain immediately following the operation. CSF leak (Fig. 4A) . Postoperative MRI performed at 16 months presented resolution of the CSF accumulation and no CSF fistula (Fig. 4B ). There were no wound complications or recurrence of symptoms through the 16 months of follow-up.
DISCUSSION
The incidence of dural tears varies from 1% to 17% according to the anatomic site, patient age, surgical approaches, and concomitant pathologies 3, 6, 14, 20) . Dural tears could lead to the formation of a pseudomeningocele or CSF fistula, which may cause meningitis, arachnoiditis, or delayed wound healing. When a dural tear is detected intraoperatively, a watertight primary suture is mandatory 6, 10, 15, 20) . If a meticulous, watertight primary suture is impossible, other modes of repair need to be considered. A dural tear that occurs more laterally or ventrally, which is inaccessible or which does not enable approximation of the edges, is more challenging. An easily accessible dura tear that cannot be primarily sutured may be amenable to variable grafts. Autologous fascia, fat, paravertebral muscles, or dural substitutes may be applied and sutured over the defect, allowing for a good watertight seal 6) . In the case of an inaccessible tear, Narotam et al. 16) achieved successful results with a primary dural repair using a sutureless collagen matrix onlay graft. The collagen matrix onlay graft is placed over the dural tear, and it attaches with surface tension to the dura, where it allows a low-pressure absorptive surface to diffuse any CSF. The collagen is immediately hemostatic, initiating clot formation and resulting in a chemical seal. In addition, the collagen matrix provides a chemical signal for fibroblast infiltration. The fibroblasts use the pores in the collagen matrix as a scaffold, and they deposit new collagen, thereby reconstituting new dura. However, this technique is used for low-pressure CSF leaks, such as small dural rents and pinhole tears involving the nerve root sleeves or lateral dura. The collagen matrix attaches only through surface tension, and it therefore may not be amenable to a highpressure CSF leak, such as that arising from large ventrally located dural defects. Mayfield and Kurokawa 13) have described an intradural fat patch technique. The dura is opened at an accessible medial point, and a plug of fat that has been anchored by a string is inserted into the thecal sac and pulled through the new opening from the inside. A durotomy made in the dorsal medial dura in order to insert the fat graft is then closed with a routine watertight primary suture. Although autologous fat or muscle grafts prevent foreign body reactions 2) , they have drawbacks, including difficulty in providing a watertight closure, the formation of scar tissue, and limited graft material. Because of the restricted availability of a sufficient amount of graft material and the expected mass effect of an intradural fat graft, this technique is available for small dural rents, but it is not amenable to large dural defects or multiple small dural defects.
We propose a new modified surgical technique for large dural defects or multiple dural rents when they occur in inaccessible areas. One-layered outer grafts seem to not be resistant to the pressure of a CSF leak. If the inner layer patch is added and the pressure increases, the patch strongly adheres to the dura mater (Fig. 5A) . Hence, this method will provide a more watertight dural repair than a one-layer dural graft. However, a double-layer duraplasty has several anticipated problems, including stenosis of the dural sac, which is caused by inserting Lyoplant into the subdural space, and compression of the spinal cord, which is caused by buckled Lyoplant. In order to prevent these side effects, the size of the graft materi-al is very important. An exact size prevents stenosis and buckling of the graft material.
In order to entirely wrap a large dural defect, we cut the T6 and T7 nerve root. The patient complained of numbness at the T6 and T7 sensory dermatomes after the surgery. However, the numbness progressively subsided after medication with gabapentin, and she stopped the medication 6 months after surgery. However, in order to prevent limb weakness, the procedure of cutting the nerve roots is not possible in cases with cervical or lumbar lesions. To repair ventral dural defects at the cervical or lumbar level with this technique, it is necessary to cut the Lyoplant to a proper size to cover the ventral aspect of the dura (Fig. 5B) .
CONCLUSION
In the repair of incidental dural tears, a primary watertight closure is the most preferable method. If a dural tear arises from an inaccessible area, an alternative method is required. Although we do not recommend this technique for all dural repairs that occur in this area, a double-layer duraplasty may be useful to repair an unapproachable large dural tear in cases of persistent CSF leakage refractory to conventional management.
